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■ABSTRACT 


Toolwear results in uneconomical machining conditions 
and dimensional inaccuracy. In past much attention was focused oi 
avoiding the uneconomical machining conditions by timely replace- 
ment of the tool . Not many efforts have been made to avoid 
dimensional inaccuracies during a single long cut. 

In turning operations the diameter of the workpiece 
increases along the length of cut due to the flank toolwear. In 
this thesis an attempt has been made to design and fabricate a 
system which can be mounted on a centrelathe and improve dimen- 
sional stability by on-line toolwear sensing and compensation. 
The proposed system was realized by a pneumatic sensor to sense 
the on-line, toolwear, a device to improve sensitivity, a pilot- 
controlled direction control valve to amplify the signal from 
the pneumatic sensor and an actuation mechanism to move the t®ol 
for compensating dimensional inaccuracies. 

The proposed system is tested for various cutting 
conditions. The improvement in the dimensional stability is 
shown by taking a cut with pneumatic -sens or feedback and then ! 
repeating the cut with identical cutting conditions but without 
feedback. The error was measured and compared. 

The results show, that using the developed system 
error was reduced considerably and restricted to 0.042 mm at 
the highest . 



chapter I 


INTRODUCTION 


1 .1 INTRODUCTION : 


The primary method of imparting form and 
dimension to a workpiece is the removal of material by the 
use of edged cutting tools. While the extra material is 
being removed from the workpiece, the tool also loses 
some material in the process . Cutting tools having 
sufficient strength against failure by brittle fracture 
or loss of form stability through rise of interface 
temperature, still continue to fail by a process known as 
wear which is loss of cutting tool material through 
gradual interaction between the work and the tool material. 
Tool wear may take place either at the principal flank 
surface (i.e., flank face) or at the top face of the cutting 
tool (i.e., rake face of the tool) for roughing and semi- 
roughing cuts. Wear may also occur at the auxiliary flank 
surface resulting in grooving wear during fine machining 
or machining of high strength materials . 

The causes for such wear process include, 
i) Mechanical interaction (Abrasion or adhesion and 

transfer type) 

Thermochemical interaction (Diffusion or chemical 
reaction) 


ii) 
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The tool wear may result in one or more of the 
following events : 

i) Increase in cutting force 

ii) Loss of accuracy 

iii) Deterioration of surface finish 

iv) Increase in cutting temperature 

v) Increase in vibrations . 

The aforementioned consequences of the toolwear 
indicate that on-line monitoring of the toolwear is bound to 
result in reduced cost of machining and improvement in the 
quality of the product. Hence, efforts were made to 
develop Adaptive Control Optimization (AGO) Systems which 
account for the toolwear and also control the system 
performance . 

One of the most complex problems arising in the 
development of Adaptive Control Optimization Systems is a 
correct choice of the wear sensor that should have high 
accuracy, reliability and be economical at the same time. 
Some of the details of the sensors are discussed below. 

1 .2 TOOLWEAR SENSORS : 

1 .2.1 Requirements : 

Some of the qualities that the successful toolwear 
sensor must have are 



3 


i) It must give a clear and. reliable signal. 

ii) It must be robust so as to be able to operate 

under the shopfloor conditions . 

iii) It must have fast response to toolwear. 

iv) It should be as flexible as possible so as to be 

used with a variety of machining processes. 

v) It should not interfere with the machining process, 

vi) It should be cheap and safe to use under shopfloor 
conditions . 

vii) It must provide signal that can be linked to the 
machine control system. 

1 ,2.2 Classification : 

Toolwear sensors are categorised into direct or 
indirect type. The direct methods are those that utilize 
effects caused directly by toolwear. The indirect methods 
measure parameters that change to some degree with toolwear 

Some direct and indirect methods are listed below 
Direct Methods . 

i) Radioactivity method 

ii) Pneumatic method 

iii) Electrical resistance method 

iv) Optical method 



Indirect Methods 


i) Measuring cutting forces 

ii) Measuring workpiece dimensions 

iii) Measuring surface finish 

iv) Measuring cutting temperature 

v) Sensing Vibrations 

vi) Analysing acoustic signal 

1 .3 LITERATURE SURVEY : 

This section reviews the available literature on 
toolwear sensing and compensation. 

Merchant, Ernst and Krabacher ^deviced an abbreviated, 
method of measuring cutting tool -life using radioactive 
isotopes as tracers to measure the instantaneous rate 
of toolwear. The method consisted of machining with a tool 
which had been rendered radioactive by neutron irradiation 
in a nuclear reactor, collecting the resulting chips and 
measuring their radioactivity due to particles abraded from 
tool during a few seconds of cutting. Although the toolwear 
was measured off-line here the on-line measurement was 

(2), (3) 

later carried out by other researchers ’ based on the 
same principle. 
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Cook, Subramaniam and Merchant developed a tool 
wear sensor which used micro-isotope, An exceedingly small 
(less than 10 ® curies) amount of radioactive material was 
implanted in the flank face at a known distance apart from 
the cutting edge. When flankwear progressed beyond this point 
the active material was removed. At the end of each cutting 
cycle, a sensor determined in a few seconds whether or hot 
wear had progressed that far. 

. ( 3 ) 

Arsovski v tested a sensor based on the measurement 
oC the radioactivity of the activated cutting elements of the 
tool during cutting. The radioactivity of the tool was 
strongly correal ated with the size of the wearland at the 
cutting elements . The radioactivity of the tool was 
continuously measured during cutting and the toolwear could 
be determined with the accuracy of 0.002 mm. 

C4'j 

Wilkinson used the concept of the constriction 
resistance which is a function of the area of contact between tt 
cutting tool and the workpiece. 

( 5 ) 

Staferle and Bellmamr developed a pheumatic 
system for toolwear sensing. The concept of back pressure 
increase with reduction in the distance between flapper and a 
nozzle was used. The workpiece acted as a flapper. 
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Weller, Schrier and Weichbrodt developed an 

| 

electromechanical system which utilized sonic signals to detect | 
the degree of cutting edge wear in metal-working tools and 
automatically triggered a cutting edge change. A packaged 
electronic unit was developed to readout sonic vibrations from 
an instrumented machinetool -workpiece -cuttingtool system to 
determine the degree of cutting edge wear during a turning 
operation. At a predetermined comparative sonic ratio, the 
electronic unit commanded stoppage of the machinetool feed, 
retraction of the tool and automatic index of the cemented 
carbide insert to the next undamaged cutting edge. The later 
function was performed by a prototype mechanical device. 

Emel and Kannatey Asibu Sr.^"^ developed a technique 
for detection of toolwear, toolfracture or chip disturbance 
events using the spectra of acoustic signals generated by thes* 
sources. In addition, a methodology for determining the 
feature dimensionality, the selection of best features and the 
minimum training sample size was presented. The concept of 
classification error minimization and manufacturing cost j 

t i 

minimization had been applied to design classifiers using a 
hierarchical decision strategy to improve the performance of : 

i 

tool failure sensing. j 

i 

Colwell ^ developed a system that tracked tool 1 

deterioration using a computer. The technique basically consistijjj 
of measuring the ratio of the forces acting on the flank of 

"thG "tool and r* ak6f aco of "th.6 “tool * 



measured distance 


"i 



disk 


Fig. 1 .1 : Censor with a lylun used by ^u/.uki 
and Weinraann. 
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Uehara^-^ proposed a method of automatic monitoring 
of the wear of the cutting tools in NC turning. The method 
was based on an experimental fact that the pattern of curve 
which shows the relationship between the cutting force 
(feed force) and the feed per revolution is strongly 
influenced by the toolwear. A special NC program was inserted 
at the beginning of NC tape per workpiece instead of conven- 
tional roughing program with which material is removed, and the 
feed force was measured corresponding to the action of the 
special NC program. Then, the automatically obtained feedforce 
oscillogram shows the feed force-feed /revolution diagram 
because the special NC program is made to increase the feed 
from zero to a predetermined value in small steps at everv 
five revolutions. 

Suzuki and Weinmann^*^ deviced an online toolwear 
sensor by measuring the change in distance between tool holder 
and workpiece using a stylus which is mounted on a toolholder. 
The stylus movement is sensed by a displacement transducer. 

The toolwear was monitored using a digital processing 
oscilloscope. The sensor is shown in Figure 1.1 . 

El Gomayel and Bregger^ 1 ^ developed a toolwear 
sensor that used indirect method of monitoring the change in 
the workpiece diameter during turning operation. The change 
in the diameter was sensed by electromagnetic sensors which 





-18 

GND 4 18 

-18 


POWER 

GND 

SUPPLY 


s 


PROBE 


-18 GND 

OSCILLATOR 

AND 

DEMODULATOR 

CIRCUIT 



TEKTRONIX 
TYPE ©64 
OSCILLOSCOPE 


2 


•Diagram of uet-uu uacd by bT Uomayel 

and Bregger. 







8 


gave voltage output directly related to the gap between the 
sensor and the workpiece. Two sensors were operated in a 
differential mode to compensate for deflections and vibrations . 
The set-up -blockdiagram is shown in Figure 1,2. 

Maedu, uchida and Yamamoto^ ^ developed a measuring 
system in which an overall geometric feature of the tool tip 
in microscopic view was described as a 2 -dimensional (2D) 
digital picture, from which every ordinary machining parameters 
(crater wear depth, flank land width, etc.) can be obtained 
easily with the aid of digital picture processing technique. 

( 5 ) 

National Bureau of Standards of United states 
developed a sensor that recognized drillwear and predicted 
drill breakage by applying time domain analysis to signals 
from an accelerometer attached to the workpiece. 

( 5 ) 

The research division of Bendix of United States 
investigated a system that monitored infrared radiation from 
the cutting edge as an indication of temperature. 

In the above mentioned research works the idea was 
to measure the toolwear and replace the worn tool by an 
undamaged one at a proper time, so as to avoid uneconomical 
cutting conditions or to advance the tool before taking a 
fresh cut in order to compensate for the tool off-set. No 
consideration was given to the inaccuracies arising in a single 
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long cut due to wear of the tool. The attempt in this 
direction was made by Shiraishi and Uehara in 1979. 

Shiraishi and u-hara^^ developed a non-contact 
measuring apparatus of workpiece dimensions. They used this 
apparatus for in-process control on EC lathe. The apparatus 

i| 

proposed was realized by the use of a laser unit, photoconducti\ ■ 
cells and optical systems. The finished size of a workpiece 
was continuously monitored by the laser spot and the toolpost ' 
was automatically moved in the direction to reduce the error. j 
The schematic diagram of the system is shown in Figure 1.3. 

C.b. Park, K.F. Eman and S.li. Wu^ 1 ^ developed a 
laser based system for in-process measurement of flatness 
errors and compensation in milling operations. The basic idea 
v^as to measure the workpiece error in-process, find stochastic 
model , forecast the future values of the error and compensate 
the milling cutter position vertically through a hydraulic 
drive system. The schematic arrangement of the set-up is 
shown in figure 1.4. 

1 .4 OBJECTIVES AND SCOPE OF THE PRESENT WORK : 

The present work is aimed m the field of online 
dimensional control of workpiece in turning operation on a 
centrelathe. In the past much attention has been paid 
to the online toolwear sensing in order to avoid uneconomical 
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machining conditions that arise due to excessive toolwear. 
•Apart from few exceptions ^ ^ (^) attention was not paid to the 
inaccuracies arising due to toolwear while machining 
considerably long workpieces. In turning operations, the tool 
off-set was compensated after the cut was over and not while 
the operations was on. The present work involves on-line 
sensing and compensation of toolwear in turning operation on 
a centre lathe so as to avoid uneconomical machining 
conditions and achieve on-line dimensional control . The 
objectives of the present work can be subdivided in the 
following subheadings : 

i) Design and fabrication of a sensing device to sense 
toolwear during machining of a workpiece, 

ii) Selection of an actuator to position the toolpost 
according to the toolwear. 

iii) Design and fabrication of a feedback control 

system components that connect the sensing and 
compensating components . 

iv) -Assembly and testing of the designed and 
fabricated system. 




m Showing Effect of Tool -wear on Dimensional Acc 
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CHAPTER -II 
EXPERIMENTAL SET-UP 
2.1 GENERAL LAYOUT : 

It was mentioned in the previous chapter that 
bho dimensional stability of the workpiece is adversely 
affected by the toolwear in any machining process. Figure 2.1 
schematically shows how the diameter of the workpiece being 
turned on a centrelathe would increase along the length due 
to the radial toolwear. The radial toolwear comprises of the 
nos ewe ar and the component of the flankwear in the radial 
direction. Both of these combined can affect the dimensional 
stability considerably. In order to maintain the dimensional 
stability the tool must be moved towards the workpiece axis 
by the same amount as the magnitude of the radial toolwear. 

The fact that the diameter of the workpiece would 
increase along the length in proportion to the radial toolwear, 
can be used to sense the toolwear. However a good sensor is 
required to sense the increase in the dimension of the 
workpiece while it is being machined. In past the pneumatic 
on-line sensors have been used to measure the change in the 
workpiece djameter. In present work also the pneumatic 
sensor was chosen to sense the increament in the diameter 
along the length during the turning operations. A nozzle- 
orifice assembly acts as a sensor . 



Compressor 



Fig . 2.2 Schematic Diagram of the Experimental Set-Up 





12 


-Lhe signal provided by the pneumatic sensor is 
alu0 Pneumatic. 4i actuation mechanism is necessary to 
convert this pneumatic signal into the mechanical displacement 
and move the tool towards the workpiece axis . A gear is 
mounted, on the cross feed screw of the centrelathe and an 

■'ctu^cor is connected to this gear by a rack to accomplish 

this . 

lhe pneumatic signal given by the pneumatic sensor 
is not powerful enough to actuate the tool. Some amplification 
is required in order to create a signal powerful enough to 
actuate the tool. A pilot -controlled direction control valve 
is used to amplify the signal generated by the pneumatic 
sensor , 

A sensitivity improving device was used to improve 
the overall sensitivity of the system. 

Figure 2.2 schematically shows the general layout 
of the experimental set-up. A compressor is used as a source 
of the compressed air. The compressor surge tank has two 
openings. The one is connected to the pneumatic sensor 
by a control valve and a conduit and the other one is 
connected to the manport of the pilot controlled direction 
control valve. The air coming to the pneumatic sensor 
first passes through an orifice and then through a nozzle . 

The pressure between orifice and nozzle is called 
backpressure and it depends on the distance between the nozzle 
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end the workpiece which decreases with the increase in the 
diameter of the workpiece along the length. In other words 
the backpressure increases with the wear of the tool. This 
backpressure is taken to the sensitivity improving device . 

This, device does not let the air through unless and until 
backpressure reaches a predetermined level. From sensitivity 
improving device the air goes to the pilot port of the 
pilot-controlled direction control valve. The valve remains 
closed unless and until air at certain pressure enters the 
pilot port. A manport of this valve is connected to the 
compressor and when the valve opens air at full compressor 
pressure passes through the valve and enters the actuator. 

The pressure acting on actuator piston is sufficient to 
displace it against the radial cutting force and the frictional 
forces. Hence the toolwear is compensated and the desired 
diameter of the workpiece being turned is restored. 

Summarizing, as the tool wears during turning the 
diameter of the workpiece being turned increases. This results 
in the increase in the backpressure from the pneumatic sensor. 
This increased backpressure opens the pilot -controlled 
direction control valve. This allows the compressor to be 
connected to the actuator and the tool moves forward. As the 
tool moves forward the desired diameter of the workpiece being 
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machined is restored and the backpressure decreases . The 
direction control valve closes with decrease in the back- 
pressure and compressor is disconnected from the actuator 
and hence the actuation stops . 

2,2 PNEUMATIC SENSOR : 

h pneumatic sensor was designed and fabricated in the 
form of a nozzle-orifice assembly which is shown in figure 2.3. 
The diameters of nozzle and orifice play important role in 
deciding the sensitivity of the sensor and hence were to be 
carefully chosen. The diameter of the nozzle and orifice 
should be chosen considering the difficulties of manufacturing. 

In pilot -controlled direction control valve there 
is a considerable amount of friction between the sliding 

O 

surfaces. The valve was found to open at 0,6 kg/cm and close 

O 

at 0.2 kg /cm' . The highest input pressure that can be 
maintained constant over a period of time was found to be 

O 

0.9 kg/cnr with available air -compressor . Taking all these 
facts into account the diameter of the orifice was selected 
to be 2.0 mm and the diameter of the nozzle out -let was 
selected to be 2.5 mm. Considering the fact that the sensitivity 
improving device can be adjusted so that it would open 
at 0.55 kg/cm 2 the sensitivity of the experimental set-up can 
be calculated as follows . 
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where 

p = Backpressure 

P = Input pressure 

A = 1,1 in all the cases 

b = Slope of the straight portion 
m = -Area of opening at the nozzle 
c = Area of the orifice 


m = u DL (2.2) 

where D = Diameter of the nozzle outlet 

L = Distance between nozzle -tip and the obstruction 

The nozzle would have better characteristics 
if the obstruction was perfectly flat. But in the present work 
the workpiece surface acts as an obstruction and it is 
cylindrical. However for calculation purpose it is assumed 
to be flat in equation 2.2. 

C = ud 2 /4 (2.3) 

where d = Diameter of the orifice 

Substituting 2.2 and 2.3 in 2.1 we get, 
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( n PL \ 

^ nd 2 /4 > 


.... (2.4) 


Initially 

p = 0.55 kg/cm 2 
P = 0 .9 kg / cm 2 

Corresponding L = Lj_ is calculated as follows 

from 2.4 


£ = A -b ) 

r d^ 

b (^|) - A - £ 
d^ F 

••• 


(2.5) 


Selecting value of b to be 1 .5 from the existing 

(15) 

data and substituting other values 
we get 

L • = 0.133 mm. 

Now for L corresponding to valve-opening the 

O 

value of p is taken as 0.6 kg/cm and substituted in 
equation 2.5. 

Lf = 0 .116 mm . 

theoretical sensitivity = -L f 

= (0.133 -0.116) mm 
= 0.017 mm 




Distance, di m m 

Fig. 2.4 Characteristics of the Pneumatic Sensor. 


I 



Fig. 2.5 (Fixturtlfor ~thg 5 ~n 

Centre Lathe. 

Distance, di mm 
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However, in practice poorer sensitivity is 
achieved due to the curveture of the workpiece sur'face. From 
nozzle -or if ice characteristics the sensitivity is found to "be 
0.035 mm. This sensitivity goes on increasing with the 
increase in the curveture of the workpiece surface. 

The fixture for mounting the pneumatic sensor on 
‘oho saddle of the centre lathe is shown in figure 2.5. 

2.3 OHHSITIVITY IMPROVING DEVICE : 

The need to incorporate such device arises from 
cho fact that the pilot-controlled direction control valve 
closes only at the pressure of 0.2 kg/cm" and the pneumatic 
sensor characteristics show that for no obstruction-nozzle -tip 
distance the back pressure would be that low. It is not 
advisable to reduce input pressure in order to get 0.2 kg /cm 

o 

from pneumatic sensor because the valve opens at 0.6 kg/cm 
and this pressure - also must lie in the range of the pneumatic 
sensor output pressure signal. 

The diagram of the sensitivity improving device is 
shown in figure 2.6. In the initial position the spool 1 is 
forced to rest on the rubber lining by the tension in the 
rubber membrane . Now as the compressed air enters the device 
it exerts force on the rubber membrane that tends to lift 
the spool 1 from the rubber lining and bring spool 2 in 
contact with the rubber lining, which is initially suitably 
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'jpurt from the rubber lining. When pressure exceeds certain 
limit the force due to the pressure overcomes the tension 
of. the membrane and lifts the spool 1 from its initial 
position and brings spool 2 in contact with the rubber lining, 
flence the air flows out of the device and the pilot -controlled 
direction control valve is connected to the pneumatic sensor. 
Now if the pressure decreases again the tension in the 
membrane overcomes the force due to compressed air and spools 1 
and 2 again come to their initial position. The pneumatic 
sensor and dc valve are disconnected in this position. The 
compressed air in the conduit between the sensivity improving 
device and the direction control valve is allowed to flow out 
from the gap between the spool 2 and the rubber lining. 
Otherwise the air would have been trapped in the conduit and 
due to the pressure exerted by this air the valve would never 
have closed. 

The pressure at which the air opens the device 
depends on the tension in the membrane which in-turn depends 
on the position of the spools. The spools can be shifted 
along the length of the threaded rod and the device can be 
adjusted for different pressures. 

2.4 PILOT -C QNTROLL ITD DIRECTION CONTROL Vi\LVE : 

The need to incorporate the pilot -controlled 
direction control valve arises because the pressure required 
to actuate the tool is higher than the back -pressure available 




Fig. 2.7 Pilot Controlled Direction Control Valve . 
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from the pneumatic sensor. The valve uses the backpressure 
signal to connect and disconnect the actuator from the 
compressor surge tank which contains air at a high pressure. 

The diagram of the pilot -controlled direction 
control valve is shown in figure 2.7. Initially when the force 
an'iliod on the disc by the compressed air is not sufficient 
to overcome the spring force. The manport 2 is connected to 
tluj manport 3 which is open to the atmosphere. As the pressure 
ncLi.li,, on the disc exceeds certain limit, the force acting 
on the disc is sufficient to overcome the spring force and 
Ino frictional force between the lining and the spool the spool 
slides along the lining. Now the manport 2 is disconnected 
from the manport 3 and connected to the manport 1 . The 
valve is said to be open now. This connects compressor surge 
sank to the actuator. Now as the pressure acting on the disc 
reduces again the spool again slides back to the initial 
position and the compressor is disconnected from the actuator. 
The compressed air in the conduit between the pilot-controlled 
direction control valve and the actuator flows out from the 
manport 3 as the manport 2 is again connected to the manport 3. 

The pressure acting on the disc ranges from 0 to 1 kg/ci 
whereas pressure acting on the actuator piston is of the order 
of 6.0 kg/cm 2 . The pilot -controlled direction control valve 
can give upto 10 kg/cm 2 to the actuator provided the 
compressor can supply the air at that pressure. 



PLAN 


Fixure for Mounting Actuator 
on the Centre Lathe 



Fig. 2.8 Actuator Mechanism . 
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2.5 ACTUATION MECHANISM : 

The actuation mechanism is required to convert 
the pneumatic pressure into the mechanical displacement of 
the tool . 

The diagram of the actuation mechanism is shown in 
the figure 2.8. -Che fixture facilitates the mounting of the 
actuator on the lathe -structure . The dovetail of the fi-stur 
engages the dovetail of the lathe on which the cross -slide 
moves. The cross-slide is connected to the cross-feed screw. 

A pinion is mounted at the end of the cross -feed screw by 
removin', the hand -wheel from there. r -<Tie actuator -pis tonrod is 
connected to the rack by a connecting angle. The fixture is 
mounted on the lathe -dovetail in such a way that the rack 


n*sts on the pinion. 

As the compressed air enters the actuator cylinder 
it moves the piston which in-turn moves the rack. Due to the 
meshing oi the rack and the pinion the pinion rotates . This 
causes the rotation of the cross-feed screw and the cross-slidS 
moves towards the workpiece axis along with the tool. ■ 

y.6 FABRICATION of t he EXPERIWSN m SnT-UP : 

The nozzle and orifice of the pneumatic sensor 
were fabricated from the brass-rod on the centre-lathe and 
attached to a readymade tee joint of oast-steel to form 


pneumatic sensor. 
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The sensitivity improving device was fabricated 
from the aluminium rod on the centre lathe. However the tee 
used was of cast steel . 

The pilot-controlled direction control valve was 
purchased from the market. The spool is of stainless st 
and the rest of the parts are of aluminium. An aluminium 
disc was made to replace the piston in order to reduce the 

friction. 

A readily available linear actuator was used. The 
rack, pinion, connecting angle and fixture were fabricated 
on the milling -machine. The rack and pinion were of 
stainless steel where as the connecting angle and the 
made from MS plates. 


fixture were 
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CHAPTER -IT I 


EXPERIMENT AT ION 


3.1 OBJECTIVE : 

The objective of the experimentation was to test 
the experimental set-up designed and fabricated under 
different machining conditions . As the objective of the 
present work was to improve the dimensional stability a 
quantitative study of the reduction in the error is 
imperative . 

3.2 PARAMETERS : 

The factors affecting the toolwear in metal— cutting 
aro namely cutting— speed, feed, death of cut, tool— material , 
work -material and tool— geometry . To test the set-up under 
different machining conditions cutting speed and feed were 
changed . The HSS tools were used to cut mildsteel . Tool — 
geometry was also kept same for every experiment, details of 
the tool -geometry are given in the appendix -1 . The depth of 
cut desirable was one that would give enough toolwear to be 
compensated. The depth of cut of approximately 0.5 mm was 
used for all the experiments. 

The cutting -speed and feed were the two parameters 
that were varied during the experiments. But, it is very 
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difficult to control the cutting -speed precisely because 
cutting speed is affected bv the rotational speed of the 
workpiece as well as the work-diameter. During the 
experiments the rotational speed was varied between 1000 rpm 
to 300 rpm and the work -diameter change from 36.7 mm to 20.6mm. 
This gave a cutting -speed range of 114 m/min to 33 m/min. This 
range is appropriate since very high cutting speed would 
result in excessive vibrations and very low cutting speed 
would not give sufficient wear to compensate . Four rotational 
speeds used were 1000 rpm, 800 rpm, 640 rpm and 500 rum. 

For each rotational speed four feeds were used, 0.03 mm/rev, 
0.063 mm/rev., 0.081 mm/rev. and 0.1 mm/rev. Totally sixteen 
experiments were conducted and the set-up was tested for a 
range of speed and feed. 

3.3 IhEPAft/fflOMS : 

The experimental set-up was assembled and mounted 
on the UMT L3-17 centred athe for which it was designed and 
fabricated. The details of the machine-tool are given in 
the appendix-2. 

The pneumatic sensor was mounted on the saddle of 
the machine-tool so that it would travel along the length of 
the workpiece with the tool. The nozzle axis was adjusted in 
the same plane as the lathe axis. The nozzle would lag behind 
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biro tool to avoid any physical contact with the unmachined 
part ol the workpiece. The position of the nozzle would not he 
affected by the transverse motion of the cross -slide. 

Sixteen cutting edges were prepared according to the 
required cutting tool-geometry . A mildsteel rod of about 
38 mm diameter and 350 mm length was prepared for being used 
as a workpiece. The workpiece was held between the centres to 
avoid vibrations caused by inaccuracies in holding by chuck. 
Some preliminary cuts were taken to remove eccentricity in the 
workpiece . 

3.4 PROCEDURE : 

Basic experimentation consisted of taking a 30.0 cm. 
long cut with the feedback provided by the experimental set-up 
for a particular machining condition and then repeating the 
cut with identical machining condition without feed back. 

Following procedure was followed for taking cut 
with feedback. 

Q 

The compressor was run until pressure of 6.0 kg/cm 
was built in the surge tank. This ensured constant input 

p 

pressure of 0.9 kg/cm during the cut. The diameter of the 
workpiece was measured with a micrometer and the tool was set 
for 0.5 mm depth of cut. The cut was taken for 1 .0 cm length 
and the cutting was interrupted. The conduit connecting the 
pneumatic sensor to the sensitivity improving device was 
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disconnected from the sensitivity improving device and 
connected to a pressure gauge. The compressor was switched 
on and the nozzle was brought in contact with machined 
workpiece surface. The input pressure to the pneumatic 
sensor was adjusted such that the backpressure was 0.75 kg/cm . 
This ensures constant input pressure of 0.9 kg/cm for all 
the experiments. The position of the nozzle was adjusted to 
give backpressure just below 0.55 kg/cirf. This means that the 
sensitivity improving device was about to open with the 
slight increament of the backpressure. The pressure gauge was 
disconnected and the conduit was again connected to the 
sensitivity improving device. A limit to the cross -slide 
motion towards the workpiece axis was provided by the 
arrangement in the machine tool itself. This was necessary 
because of the lag between the tool and the nozzle. This 
fixed the maximum compensation which depended on the sensitivity 
of the experimental set-up. Slight over -shoot was given to 
ensure closure of the valve. The second opening of the 
compressor surge tank was opened and the cut was taken for 
30.0 cm length. The compensation was observed during the cut. 
After the cut a dial indicator was attached to the cross -slide 
and the stylus was brought in contact with the workpiece 
surface at the height of the lathe -axis .The stylus was brought 
at the starting point of the out and the dial indicator 
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reading was adjusted to zero. The dial indicator was 
traversed along the length of the workpiece with the cross - 
slide and reading was taken at every 1.0 cm. The reading gives 
the error in the radius. The dial indicator was removed and 
the next cut was taken with a new cutting edge . 

After conducting sixteen experiments the set-up 
was dismounted and the cutting edges were photographed 
usin'; a microscopic camera. The tools were reground and vn tn 
identical cutting conditions but without feedback sixteen 
cuts were repeated and the dial indicator readings taken. 
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CHAPTER - IV 


.uLULTU, DISCUSSION, CONCLUSION AND SCOPS FOR FUTURE WORK 
l[ INSULTS : 

The results obtained from the sixteen experiments 
uilh feedback and sixteen experiments without feedback are 
If. bull' ted in table 1 to 16. Results obtained for the same 
machining conditions with feedback system and without 
feedback system are tabulated In the same table. 

Sixteen graphs of error in the radius against the 
length of cut were plotted using LOTUS package. Figures 4.1 to 
4.16 shows the graphs corresponding to the experiment 1 to 16 
in that order. 

From the obtained error In the radius from experiments 
with and wl thout feedback system the coefficient of error 

reduction (El was calculated for each experiment. Where 

, _ / . Error with feedback \ 

^ " Error without feedback^ 

These results are tabulated separately in table 17. The 
microscopic photographs of the tools used in the experiments 
are shown in Figure 4.17 to Fig. 4.20. Tool is given number 
according to the number of the experiment in which it was 
used. Magnification is of the order of 200. 



WITHOUT FEEDBACK 
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EXPERIMENT -1 


Rotational Speed. = 
Feed = 
Original diameter = 
JeairecJ diameter = 
Cutting Speed 


1000 rpm. 
0.05 mm/rev. 
36.70 mm 
35.76 mm 
114 m/min 


T4BLE -1 


Results of experiment -1 

"Position along Error in the radius 

the length of cut 
cm . 


with feedback mm. 


Irror in the 
Radius without 
feedback mm. 


1 

0.0 

2 

1.0 

3 

2.0 

4 

3.0 

5 

4.0 

6 

5.0 

7 

6.0 

8 ) 

7.0 

9 

8.0 

10 

9.0 

11 

10.0 

12 

11 ,0 

13 

12.0 

14 

13.0 

15 

14.0 

16 

15.0 

17 

16.0 

1 8 

17.0 

19 

18.0 

20 

19.0 

21 

20.0 

22 

21 .0 

23 

22.0 

24 

23.0 

25 

24.0 

26 

25.0 

27 

26.0 

28 

27.0 

29 

28.0 

30 

29.0 

31 

30.0 


\j « 

0.004 
0.008 
0.01 
0.014 
0.016 
0.02 
0.022 
0.024 
0.026 
0.030 
0.032 
0 .034 
0 .036 
0.038 
- 0.016 
- 0.012 
- 0.01 
0.000 
0.006 
0.008 
0.008 
0.01 
0.012 
0.014 
0.018 
0.02 
0.02 
0.022 
0.024 


8:8oz 

0.004 
0.006 
0.012 
0.014 
0.016 
0.018 
0.02 
0.022 
0.026 
0.03 
0.032 
0.034 
0.038 
0 .04 
0.042 
0.046 
0 .05 
0.056 
0.06 
0.064 
0 .066 
0.068 
0.07 
0.074 
0.074 
0.076 
0.078 
0.08 
0.084 




WITHOUT FEEDS /OK 
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EXPERIMENT -2 


Rotational Speed 
Feed 

Original diameter 
Ecsired diameter 
Cutting Speed 


= 1000 rpm 
= 0.063 mm/rev. 
= 35.76 mm 
= 34.74 mm 
= 111 m/min. 


T-ABLE -2 


Results of experiment -2 


Sr . 
No. 

Position along the 
length of cut cm. 

Error in the radius Error in the 
with feedback mm. Radius without 

feedback mm. 

1 

0.0 

0.0 

0.0 

2 

1 .0 

0.002 

0.002 

3 

2.0 

0.006 

0.004 

4 

3.0 

0.008 

0.008 

5 

4.0 

0.012 

0.012 

6 

5.0 

0.014 

0.016 

7 

6 .0 

0.016 

0.018 

8 

7.0 

0.02 

0.02 

9 

8.0 

0.026 

0.024 

10 

9.0 

0.03 

0.028 

11 

10.0 

0.034 

0.032 

12 

11 .0 

-0.024 

0.036 

13 

12.0 

-0.02 

0.042 

14 

13.0 

-0.018 

0.044 

15 

14.0 

-0.012 

0.05 

16 

15.0 

-0.01 

0.054 

17 

16.0 

-0.008 

0.054 

18 

17.0 

-0.004 

0.056 

19 

18.0 

-0.002 

0.058 

20 

19.0 

0.004 

0.06 

21 

20.0 

0.008 

0.064 

22 

21 .0 

0.012 

0.068 

23 

22.0 

0.018 

0.07 

24 

23.0 

0.022 

0.074 

25 

24.0 

0.024 

0.076 

26 

25.0 

0.03 

0.078 

27 

26.0 

0.036 

0.08 

28 

27.0 

-0.02 

0.084 

29 

28.0 ' 

-0.018 

0.084 

30 

29.0 

-0.016 

0.086 

31 

30.0 

-0.014 

0.088 


WITHOUT FEEDS SCI 
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EXPERIMENT -3 


Rotational Speed = lOOQrpm 

feed = 0.081 mm/rev. 
Original diameter = 34. 74 mm/rev. 
Desired diameter = 33.70 mm 
Cutting Speed =108 m/min. 

T4BLE -3 


Results of experiment -3 


Sr. 

No. 

Position along 'Error in the radius 

the length of cut with feedback mm. 

cm . 

Error in the 
Radius without 
feedback mm. 

1 

0.0 

0.0 


0.0 

2 

1 .0 

0.002 


0.002 

3 

2.0 

0 .004 


0.004 

4 

3.0 

0.006 


0.008 

5 

4.0 

0.008 


0.01 

6 

3.0 

0.012 


0.012 

7 

6.0 

0.014 


0.016 

8 

7.0 

0.018 


0.018 

9 

10 

8.0 

9.0 

0.02 

0.022 


0.022 

0.024 

11 

10.0 

0.024 


0.028 

12 

11 .0 

0.028 


0.03 

1 3 

12.0 

0.03 


0.032 

14 

13.0 

0.032 


0.036 

1 3 

14.0 

0.034 


0.038 

16 

15.0 

0.036 


0.04 

17 

16.0 

-0 .01 8 


0.042 

18 

17.0 

-0.016 


0.046 

19 

18.0 

-0.012 


0.046 

20 

19.0 

-0.012 


0.048 

21 

20.0 

-0.01 


0.052 

22 

21 .0 

-0 .006 


0.056 

23 

22.0 

-0.002 


0.058 

24 

23.0 

0.000 


0 .06 

?5 

24.0 

0.004 


0 .06 

26 

2 5 .0 

0.006 


0 .064 

27 

26.0 

0.008 


0 .066 

28 

29 

30 

31 

27.0 

28.0 

29.0 

30.0 

0.012 

0.014 

0.016 

0.02 


0.068 

0.072 

0.074 

0.074 


WITHOUT FEEDBACK 
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EXPERIMENT -4 


Rotational Speed 
Feed 

Original diameter 
desired diameter 
Cutting Speed 


= lOOOrpm 
= 0.1 mm/rev. 
= 33.70 mm. 

= 32.66 mm 
= 104 m/min. 


TTBLE -4 

Results of experiment ~4 __ 

6r. Pos it i on ' " along Error in the radius Error in ” the 

No, the length of cut with feedback mm. Radius without 

nm feedback mm. 


1 

0.0 

2 

1 .0 

3 

2.0 

4 

3.0 

5 

4.0 

6 

5.0 

7 

6 .0 

8 

7.0 

9 

8.0 

10 

9.0 

11 

10.0 

12 

11 .0 

13 

12.0 

14 

13.0 

1 5 

14.0 

16 

15.0 

17 

16.0 

18 

17.0 

19 

18.0 

20 

19.0 

21 

20.0 

22. 

21 .0 

23 

22.0 

24 

23 .0 

25 

24.0 

26 

25 .0 

27 

26.0 

28 

27.0 

29 

28.0 

30 

29.0 

31 

30.0 


0 . 

0 

0 . 

004 

0 . 

008 

0 . 

01 

0 . 

014 

0 . 

016 

0 . 

,022 

0 . 

,026 

0 . 

.03 

0. 

,034 

- 0 . 

.02 

—0 « 

.016 

—0 4 

.014 

- 0 , 

.01 

- 0 , 

.004 

- 0 . 

.002 

0 

.004 

0 

.008 

0 

.012 

0 

.014 

0 

.02 

0 

.024 

0 

.028 

0 

.034 

0 

.036 

-0 

.016 

-0 

.012 

-0 

.01 

-0 

.006 

-0 

.004 

-0 

.002 


0.0 
0.002 
0.006 
0.004 
0.012 
0.016 
0.02 
0.026 
0.032 
0.034 
0.038 
0.042 
0.046 
0.048 
0.052 
0.058 
0 .064 
0 .066 
0.07 
0.074 
0.078 
0.084 
0.086 
0.088 
0.092 
0.092 
0.094 
0.096 
0.1 
0.102 
0.104 


WITHOUT FEEDBACK 
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EXPERIMENT -5 


Rotational Speed 
Feed 

Original diameter 
.Desired diameter 
Cutting Speed 


= 800 rpm 
= 0 .05 mm/rev. 
=32.66 mm 
=31 .62 mm 
= 81 m/min. 


TABLE >5 


Results of experiment -5 


• 

o 

25 

• 

u 

r ~s 

Position along 
the length of cut 
cm. 

Error in the radius 
with feedback mm. 

Error in the 
Radius without 
feedback mm. 

1 

0 m r\ 

0.0 

0.0 

2 

1 .0 

0.002 

0.002 

3 

2.0 

0.002 

0.002 

4 

3.0 

0.004 

0.004 

5 

4.0 

0.006 

0.006 

6 

5.0 

0.008 

0.008 

7 

6.0 

0.008 

0.01 

8 

7.0 

0.010 

0.012 

y 

8.0 

0.012 

0.012 

10 

9.0 

0.012 

0.014 

ii 

10.0 

0.016 

0.016 

12 

11 .0 

0.018 

0.018 

13 

12.0 

0.022 

0.02 

l^i 

13.0 

0.024 

0.022 

15 

14.0 

0 .026 

0.024 

16 

15.0 

0.028 

0.026 

17 

16 .0 

0.028 

0.028 

18 

17.0 

0.03 

0.03 

19 

18.0 

0.032 

0.03 

20 

19.0 

0.034 

0.032 

21 

20.0 

0.034 

0.034 

22 

21 .0 

0.036 

0,036 

23 

22.0 

0.036 

0.038 

24 

23.0 

-0.016 

0.04 

25 

24.0 

-0.014 

0.042 

26 

25.0 

—0 .01 

0.044 

27 

26.0 

-0.008 

0.046 

28 

27.0 

-0.008 

0.048 

29 

28.0 

—0 .006 

0,052 

30 

29.0 

-0.004 

0.056 

31 

30.0 

0.000 

0.058 


WITHOUT FEEDBACK 
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EXPERIMENT -6 


Rotational Speed 
Feed 

Original diameter 
Desired diameter 
Cutting Speed 


= 800 rpm 
= 0.063 mm/rev. 
= 31 .62 mm 
= 30.62 mm 
= 78 m/min 


Sr . 
No. 


TABLE -6 


Results of experiment -6 

Position along Error in the radius Error i n ^ the ” 

the length of cut with feedback mm Radius without 

feedback mm. 


1 

0.0 

0.0 

2 

1 .0 

0.002 

3 

2.0 

0.004 

4 

3.0 

0.004 

j 

4 ,0 

0.006 

6 

5.0 

0.008 

7 

6 .0 

0.012 

8 

7.0 

0.014 

9 

8.0 

0.018 

10 

9.0 

0.02 

11 

10.0 

0.02 

12 

11 .0 

0.022 

1 3 

12.0 

0.024 

14 

13.0 

0.026 

15 

14.0 

0.028 

16 

15.0 

0.032 

17 

16.0 

0.032 

18 

17.0 

0.034 

9 w* 

is 

18.0 

0.036 

20 

19.0 

-0.018 

21 

20.0 

-0.016 

22 

2 25 

21 .0 

22.0 

-0 .01 6 
-0.014 

24 

23.0 

-0.012 

25 

24.0 

-0.008 

26 

27 

25.0 

26.0 

—0 .006 
-0.004 

Cm* 1 

28 

29 

30 

31 

27.0 

28.0 

29.0 

30.0 

-0.002 

0.002 

0.002 

0.004 


0 . 

0 

0 . 

002 

0 . 

00 4 

0 . 

006 

0 . 

008 

0 . 

008 

0 . 

01 

0 . 

012 

0 . 

,016 

0 . 

,018 

0 . 

,02 

0. 

,022 

0, 

,024 

0 . 

,026 

0 , 

.028 

0 , 

.03 

0 , 

.032 

0 

.036 

0 

.038 

0 

.042 

0 

.044 

0 

.046 

0 

.046 

0 

.048 

0 

.052 

0 

.056 

0 

.056 

0 

.058 

0 

.062 

0 

,064 

0 

.066 


WITHOUT FEEDBACK 
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Rotational Speed 
Feed 

Original diameter 
uosired diameter 
Cutting Speed 


EXPERIMENT -7 

= 800 rpm 
= 0.081 mm/rev. 

= 30 .62 mm 
= 29.60 mm 
= 76 m/min. 


TABLE -7 


Results of experiment -7 

SrT Position along Error in the radius Error in the 

Mo. the length of cut with feedback mm Radius without 

rm feedback mm. 


1 

0.0 

0.0 

2 

1 .0 

0.002 

3 

2.0 

0.004 

4 

3.0 

0.004 

5 

4.0 

0.006 

6 

5.0 

0.008 

7 

6.0 

0.01 

8 

7.0 

0.012 

9 

8.0 

0.014 

10 

9.0 

0 .014 

11 

10.0 

0.016 

12 

11 .0 

0.018 

13 

12.0 

0.018 

14 

13.0 

0.02 

15 

14.0 

0.02 

16 

17 

15.0 

16.0 

0.022 

0.024 

18 

17.0 

0.026 

19 

18.0 

0.028 

20 

19.0 

0.028 

21 

20.0 

0 .03 

22 

93 

21 .0 

22.0 

0.032 

0.034 

<U* ** 

24 

25 

23.0 

24.0 

0.036 

0.036 

26 

27 

25.0 

26.0 

0.038 

0.014 

Cm* 1 

28 

27.0 

-0 .01 2 

9Q 

28.0 

-0.012 

30 

29.0 

- 0.01 

31 

30.0 

-0.008 


0.0 
- 0.002 
0.002 
0.004 
0.006 
0.008 
0.008 
0.01 
0.012 
0.014 
0.016 
0.018 
0.018 
0.02 
0.022 
0.024 
0.026 
0.026 
0.028 
0.03 
0.032 
0.034 
0.036 
0.036 
0.038 
0.042 
0.044 
0.046 
0.048 
0 .05 
0.052 


WITHOUT FEEDBACK 
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Graph showing results ox experiment 
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EXPERIMENT -8 


Rotational opeed 
Peed 

Ur l.ginal diameter 
Desired diameter 
Cutting ^peed 


800 rpm 
0.063 mm/rev. 
29.60 mm 
28.58 mm 
73 m/min. 


T.ABLE -8 


Results of experiment -8 


k ,r. Position along 

Mo . the length of cut 

cm. 


Error in the radius 
with feedback mm 


Error in the 
Radius without 
feedback mm. 


1 

0.0 

9 

1 .0 

3 

2.0 

A 

3.0 

5 

4.0 

6 

5.0 

7 

6.0 

8 

7.0 

9 

8.0 

10 

9.0 

11 

109' 

12 

11 .0 

13 

12.0 

14 

13.0 

13 

14.0 

16 

15.0 

17 

16.0 

1b 

17.0 

19 

18.0 

20 

19.0 

21 

20.0 

22 

21 .0 

23 

22.0 

24 

23.0 

23 

24.0 

26 

25.0 

27 

26.0 

28 

27.0 

29 

28.0 

30 

29.0 

31 

30.0 


0.0 
0 .002 
0.004 
0.008 
0.01 
0.014 
0.016 
0.02 
0.022 
0.024 
0.026 
0 .03 
0.034 
0.036 
- 0 .022 
- 0.02 
- 0 .01 6 
- 0 .01 2 
- 0.01 
-0 .008 
-0.004 
- 0.002 
0.000 
0.004 
0.008 
0.01 
0.012 
0.016 
0.02 
0.024 
0.026 


0.0 
0.002 
0.004 
0.006 
0.008 
0.012 
0.014 
0.018 
0.02 
0.024 
0.026 
0.028 
0.03 
0.034 
0.036 
0.038 
0 .04 
0.044 
0.046 
0.048 
0 .05 
0.052 
0.056 
0.058 
0.062 
0.064 
0.068 
0.072 
0.074 
0.076 
0.078 



WITHOUT feedback 



i.;u.4uj ui,i snmvd 3Hi ni mm3 


'i*:. ^,9 iraph showing results of experiment 
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experiment -q 

Rotational Jpeed 
Feed 

Original diameter 
desired diameter 
Cubtirij, Opeod 

TABLE -9 


= 640 rpm 
- 0.05 mm/rev. 
= 20.58 mm 
= 27 .62 ra/min. 
= 57 m/min. 


m nzr mm — 

Results of 

experiment -9 


» J X « 

do. 

Position along 

Error in the radius 

Error in the 

the length of cut 
cm. 

with feedback mm. 

Radius without 
feedback mm. 

1 

2 

0.0 

0.0 

0.0 

1 .0 

0.002 

0.000 

J) 

L 

2.0 

0.002 

0.002 

H 

U 

3.0 

0.004 

0.004 

) 

t 

4.0 

0.006 

0.006 

b 

5.0 

0.008 

0.008 

7 

b 

6 .0 

0.01 

0.008 

7.0 

0.01 

0.008 

y 

8.0 

0.012 

0.012 

10 

9.0 

0.012 

0.014 

1 1 

10.0 

0.014 

0.014 

12 

11 .0 

0.016 

0.016 

13 

12.0 

0.016 

0.018 

1 4 

13.0 

0.018 

0.018 

1 5 

14.0 

0.02 

0.02 

16 

15.0 

0.022 

0.022 

17 

16.0 

0.024 

0.022 

18 

17.0 

0.026 

0.024 

1 y 

18.0 

0.028 

0.028 

20 

19.0 

0.028 

0.028 

'ii 

20.0 

0.03 

0.03 

7.2 

21 .0 

0.032 

0.032 

23 

22.0 

0.034 

0.034 

24 

23.0 

0.036 

0.036 

25 

24.0 

0.038 

0.036 

26 

25.0 

0.04 

0.038 

27 

26.0 

-0.01 

0.04 

28 

27.0 

-0.008 

0 .044 

29 

28.0 

-0.008 

0.044 

30 

29.0 

-0.006 

0 .046 

31 

30.0 

-0 .004 

0.048 



WITHOUT FEEDBACK 



Ouju. 4 ui) smavy 3 hi ni a ©a a 3 
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EXPERIMENT -10 


Rotational Speed 
Feed 

Original diameter 
Desired diameter 
Cutting Speed 


= 640 rpm 
= 0.063 mm/rev. 
= 27.62 mm 
= 26.60 mm 
= 55 m/min 


TifeLE -10 


K esults of experiment -10 

Sr. Position "along Error in the radius Error in the 

No. the length of cut with feedback mm. Radius without 

cm. feedback mm. 


1 

0.0 

2 

1 .0 

3 

2.0 

4 

3.0 

5 

4.0 

6 

5.0 

7 

6 .0 

8 

7.0 

9 

8.0 

10. 

9.0 

11 

10.0 

12 

11 .0 

13 

12.0 

14 

13.0 

15 

14.0 

16 

15.0 

17 

16.0 

18 

17.0 

19 

18.0 

20 

19.0 

21 

20.0 

22 

21 .0 

23 

22.0 

24 

23.0 

25 

24.0 

26 

25.0 

27 

26.0 

28 

27.0 

29 

28.0 

30 

29.0 

31 

30.0 


0.0 
0.002 
0.004 
0.006 
0.006 
0.008 
0.01 
0.012 
0.014 
0.014 
0.018 
0.02 
0.022 
0.024 
0.024 
0.026 
0.028 
0.03 
0.03 
0.032 
0.034 
0 .036 
0.038 
-0.014 
- 0 .01 2 
- 0.01 
-G .01 
-0.008 
—0 »u0o 

- 0.006 

-0.004 


0.0 
0.002 
0.004 
0.006 
0.008 
0.01 
0.012 
0.012 
0.014 
0.016 
0.016 
0.018 
0.02 
0.022 
0.024 
0.026 
0.028 
0.03 
0.032 
0.034 
0.036 
0.038 
0.04 
0.044 
0.046 
0.046 
0 *q48 
0^*5 
o.Q5 

0.052 

0.054 


WITHOUT FEEDBACK 



c/yjy-j ui ) snuivy bhi ni ucmi 
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EXPERIMENT -11 


Ro lational Speed 
Feed 

Original diameter 
Desired diameter 
Cut tin;-: Speed 


= 640 rpm 
= 0.081 mm /rev. 
= 26.60 mm 
= 25.56 mm 
= 52 m/min. 


TABLE -11 


•Results of experiment -11 

~Jrl Position along Error in the radius Error in the 

No. the length of cut with feedback mm. Radius without 

cm feedback mm. 


1 

0.0 

0.0 

0.0 

2 

1 .0 

0.002 

0.000 

5 

2.0 

0.004 

0.002 

4 

5.0 

0.008 

0.004 

5 

4.0 

0.008 

0.006 

6 

5.0 

0.01 

0.008 

7 

8 

6 .0 

0.012 

0.012 

7.0 

0.014 

0.014 

9 

8.0 

0.018 

0.016 

10 

9.0 

0.02 

0.02 

11 

10.0 

0.024 

0.022 

12 

11 .0 

0.026 

0.026 

13 

12.0 

0.028 

0.028 

14 

13.0 

0.028 

0.03 

1 1 

14.0 

0.032 

0.03 

1o 

15.0 

0.034 

0.034 

1 7 

16.0 

0.036 

0.034 

1 8 

17.0 

0.038 

0 .036 

1 <) 

18.0 

-0.02 

0.038 

20 

21 

r >o 

19.0 

20.0 

21 .0 

-0 .01 8 
-0.016 
-0 .016 

0.04 

0.042 

0.044 

£ 

">L\ 

22.0 

23.0 

-0 .01 2 
—0 .01 

0.046 

0.046 

25 

24.0 

-0 .008 

0.05 

26 

2.7 

op 

- 25.0 

26.0 

27.0 

-0.004 

0.002 

0.004 

0.054 

0.054 

0.056 

29 

30 

31 

28.0 

29.0 

30.0 

0.008 

0.01 

0.014 

0 .060 
0.064 
0.068 


ITHOUT FEEDBACK 



c/ujuj ui;i snmva 3 hi ni yoyya 


^raph shov.'in.: results of experiment 
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EXPERIMENT -12 


.fot'- Lionel Speed 
Feed 

original diameter 
Oeuirud diameter 
Out Li. rip, opeed 


= 64o rpm. 

= 0.1 mm/rev. 
= 25.56 mm 
= 24.62 mm 
= 50 m/min. 


TABLE -12 


desuits of experiment -12 



Position along 

Error in the radius 

Error in the 

do. 

the length of cut 

with feedback mm. 

Radius without 


cm 


feedback mm. 


1 

0.0 

0.0 

0.0 

* ) 

1 .0 

0.002 

0.002 

5 

2.0 

0.004 

0.002 

4 

3.0 

0.006 

0.004 

J 

4.0 

0.008 

0.006 

{ > 

5.0 

0.012 

0.01 

7 

6 .0 

0.014 

0.012 


7.0 

0.016 

0.014 

'J 

8.0 

0.016 

0.016 

1u 

9.0 

0 .01 8 

0.018 

1 1 

10.0 

0.022 

0.02 

1 2 

11 .0 

0.024 

0.022 

15 

12.0 

0.028 

0.026 

14 

13.0 

0.03 

0.028 

1 ) 

14.0 

0.03 

0.03 


15.0 

0.032 

0.034 

17 

h, 

16.0 

0.034 

0.036 

17.0 

0.034 

0.038 

Vj 

18.0 

0.036 

0 .04 

7.0 

19.0 

0.038 

0.042 

71 

20.0 

-0.016 

0.044 

22 

25 

24 

21 .0 

22.0 

25.0 

—0 *01 4 
—0 .01 2 
-0.008 

0.046 

0.048 

0.05 

?5 

24.0 

-0.008 

0.054 

26 

27 

25.0 

26.0 

- 0.006 

-0.004 

0.054 

0.056 

Pf> 

27.0 

0.000 

0.058 

29 

30 

28.0 

29.0 

0.002 

0.006 

0.062 

0.064 

31 

30.0 

0.01 

0 .066 
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EXPERIMENT -13 


Rotational Speed 
Feed 

Original diameter 
Oosircd diameter 
Cutting speed 


= 500 rpm 
= 0.05 mm/rev. 
= 24.62 mm 
= 23.60 mm 
= 38 m/min. 


TABLE -13 


Results of experiment -13 

Position along Error in the radius Error in the " _ 

the length of cut with feedback mm. Radius without 

feedback mm. 


1 

0.0 

2 

1 .0 

3 

2.0 

4 

3.0 

5 

4.0 

6 

5.0 

7 

6.0 

8 

7.0 

9 

8.0 

10 

9.0 

11 

10.0 

12 

11 .0 

13 

12.0 

14 

13.0 

13 

14.0 

16 

15.0 

17 

16.0 

10 

17.0 

19 

18.0 

20 

19.0 

21 

20.0 

22 

21 .0 

23 

22.0 

24 

23.0 

25 

24.0 

26 

25.0 

27 

26.0 

28 

27.0 

29 

28.0 

30 

29.0 

31 

30.0 


0.0 
- 0.002 
0.002 
0.004 
0.004 
0.006 
0.008 
0.008 
0.01 
0.012 
0.014 
0.016 
0 .016 
0.02 
0.022 
0.024 
0.026 
0.026 
0 .03 
0.032 
0.032 
0.034 
0.036 
0.036 
0.038 
0.038 
0 .04 
0.04 
- 0.01 
-0.008 
-0.006 


0.0 

0.000 

0.002 

0.004 

0.004 

0.006 

0.006 

0.008 

0.01 

0.012 

0.014 

0.014 

0,016 

0.018 

0.02 

0.02 

0.024 

0.026 

0.026 

0.03 

0.032 

0.034 

0.036 

0.036 

0.038 

0.04 

0.042 

0.044 

0.046 

0.046 

0.048 


WITHOUT FEEDBACK 



ryjgj Uf ;t sniQVy 3H.L Nl UOUU3 
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EXPERIMENT -14 


Rotational Speed 
Feed 

Original diameter 
Desired diameter 
Nutting Speed 


= 500 rpm 
= 0.063 mm /rev 
= 23.60 mm 
= 22.56 mm 
= 36 m/min. 

TABLE -14 


Results of experiment -14 

Sr7 Position along Error in the radius Error in the 

No. the length of cut with feedback mm. Radius without 

cm. feedback mm. 


1 

0.0 

0.0 

2 

1 .0 

0.002 

3 

2.0 

0.002 

4 

3.0 

0 .004 

5 

4.0 

0.006 

6 

5.0 

0.008 

7 

6.0 

0.01 

8 

7.0 

0.01 

9 

8.0 

0.014 

10 

9.0 

0.012 

11 

10.0 

0.014 

12 

11 .0 

0.016 

13 

12.0 

0.018 

14 

13.0 

0.02 

15 

14.0 

0.022 

16 

15.0 

0.024 

17 

16.0 

0.026 

18 

17.0 

0.026 

19 

18.0 

0.028 

20 

19.0 

0.03 

21 

20.0 

0.03 

22 

23 

21 .0 

22.0 

0.032 

0.034 

24 

23.0 

0.036 

25 

24.0 

0.038 

26 

25.0 

0 .04 

27 

26.0 

0 .04 

28 

27.0 

-0.01 

29 

28.0 

-0.008 

30 

29.0 

-0.008 

31 

30.0 

-0 .006 


0.0 

- 0.002 

0.000 

0.002 

0.004 

0.006 

0.008 

0.01 

0.012 

0.012 

0.014 

0.016 

0.018 

0.02 

0.024 

0.026 

0.028 

0.03 

0.032 

0.034 

0.034 

0.036 

0.038 

0.038 

0.04 

0.042 

0.046 

0.048 

0.052 

0.054 

0.058 


WITHOUT FEEDBACK 



r&ph showing results ox? experiment 
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EXPERIMENT -15 


Rotational Speed 
Feed 

Grift Lnal diameter 
Go, 'sired diameter 
Cutting Speed 


= 500 rpm 
= 0.081 mm/rev. 
= 22.56 mm 
= 21 .58 mm 
= 35 m/mi n. 


TABLE -15 


Results of experiment -15 

Sr. Position along Error in the radius Error in the 

No. the length of cut with feedback mm. Radius without 

cm. feedback mm. 


1 

0.0 

0.0 

0.0 

2 

1 .0 

0.0 

0.002 

5 

2.0 

0.002 

0.002 

4 

5.0 

0.004 

0.004 

5 

4.0 

0.006 

0.006 

6 

5 .0 

0.006 

0.006 

7 

6.0 

0.008 

0.008 

8 

7.0 

0.01 

0.01 

9 

8.0 

0.012 

0.012 

10 

9.0 

0.014 

0.012 

11 

10.0 

0.016 

0.014 

12 

11 .0 

0.016 

0.016 

13 

12.0 

0.018 

0.018 

14 

13.0 

0.02 

0.018 

15 

14.0 

0.024 

0.02 

16 

15.0 

0.024 

0.022 

17 

16 .0 

0.026 

0.024 

18 

17.0 

0.028 

0.028 

19 

18.0 

0.03 

0.028 

20 

19.0 

0,032 

0.03 

21 

20.0 

0.032 

0.032 

22 

21 .0 

0.034 

0.034 

23 

22.0 

0.036 

0.036 

24 

23.0 

0.038 

0.038 

25 

24.0 

0.04 

0.04 

26 

25.0 

-0.008 

0.04 

27 

26.0 

-0.006 

0.042 

28 

27.0 

-0.004 

0.044 

29 

28.0 

-0.004 

0.046 

30 

29.0 

-0.002 

0.048 

31 

30.0 

0.0 

0.05 


WITHOUT FEEDBACK 



f'ujuj ui;i smavy 3 hjl ni uouua 
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EXPERIMENT -16 

Rotational Epeed = 500 rprn 

Need = 0.081 mm/rev. 

original diame ter = 21 .58 mm 

ausirod diameter = 20.60 mm 

Cutting Epeed = 33 m/min. 

TXBLE -16 

Results of experiment -16 


77FI Position along "Error in the radius Error in the 

No. the length of cut with feedback mm. Radius without 

cm. feedback mm. 


1 

0.0 

0.0 

0.0 

2 

1 .0 

-0.002 

0.0 

3 

2.0 

0.0 

0.002 

4 

3.0 

0.002 

0.004 

5 

4.0 

0.004 

0.006 

6 

5.0 

0.004 

0.008 

7 

6.0 

0.006 

0.008 

a 

7.0 

0.008 

0.01 

'j 

8.0 

0.01 

0.012 

10 

9.0 

0.012 

0.014 

11 

10.0 

0.014 

0.016 

12 

11 .0 

0.016 

0.016 

15 

12.0 

0.016 

0.018 

14 

13.0 

0.02 

0.022 

1 5 

14.0 

0.022 

0.024 

16 

15.0 

0.024 

0.026 

17 

16.0 

0.026 

0.028 

18 

17.0 

0.026 

0.03 

Vj 

18.0 

0.028 

0.032 

20 

19.0 

0.03 

0.034 

21 

22 

7.3 

74 

20.0 

21 .0 

22.0 

23.0 

0.03 

0.032 

0.034 

0.036 

0.036 

0.036 

0.038 

0.04 

25 

26 

27 

24.0 

25.0 

26.0 

0.038 

0.038 

0.042 

0.04 

0.044 

0.046 

28 

27.0 

-0.016 

0.048 

29 

30 

31 

28.0 

29.0 

30.0 

-0.014 

-0.014 

-0.012 

0.05 

0.052 

0.052 
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TAuLE -17 


Co-o lTicionts of error reduction for 
joint' feud but different speeds. 


Zr . 

Jo . 

Exp. t*j merit 
i Jos , 

Cutting speed 
m/min. 

Feed 
mm /rev. 

Co-efficient of 
error reduction 
E 

1 

1 

114 

0.05 

0.5448 

> 

6 

81 

0.05 

0.3793 


9 

57 

0.05 

0.1667 

4 

1 3 

38 

0.05 

0.1667 

'3 

3. 

111 

0.063 

0.5909 

G 

6 

78 

0.063 

0.4545 

7 

10 

55 

0.063 

0.2963 

8 

14 

36 

0 .063 

0.3003 

9 

3 

108 

0.081 

0.5135 

10 

7 

76 

0.081 

0.2692 

11 

11 

52 

0.081 

0.4412 

12 

15 

35 

0.081 

0.2000 

13 

4 

104 

0.1 

0.6538 

14 

8 

73 

0.1 

0.5384 

15 

12 

50 

0.1 

0.4242 

16 

16 

33 

0.1 

0.1923 
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TOOL -5 TOOL 
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Fig. 4.18 TOOL 5,6,7 and 8 



TOOL -9 T00L ” 10 
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Fig. 4.19 TOOL 9,10,11 and 12 
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4.2 DISCUSSION : 

From the results tabulated and plotted on the 
graph it can be seen that the error has been reduced to some 
extent in all the experiments when the feedback control had 
been used. Feedback control causes reduction in the error 
which is proportional to the toolwear. The co-efficient of 
error reduction should increase with the toolwear and hence 
with decrease in the speed the co-efficient of error 
reduction should decrease. This was found to be the case in 
most of the cases as can be seen from table 17. 

In table 17 co-efficients of error reduction for 
the same feed but different cutting speeds are compared. It 
can be seen that the co-efficient of error reduction in 
experiment 13 with feed of 0.05 mm and speed of 38 m/min. 
is higher than what can be expected from the previous experimen 
with same feed. This means that more toolwear has taken 
place than expected. The reason for this can be irihomogenity 
in the workpiece. Same is the case with experiment 14 and 
experiment 11 and for this also inhomogenity in the 
workpiece can be the reason. Apart from this the toolwear 
and hence the coefficient of error reduction decreases 
with the decrease in the speed for the same feed. 
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trom tables 1 to 16 it is seen that the sensitivity 
oi' the system increases with increase in curveture of the 
workpiece because the assumption that the workpiece is flat 
foils with reduction in work diameter. The sensitivity is 
0.036 mm when work diameter is 35.76 mm which deteriorates to 
0.042 mm when work diameter is 21.58 mm. 

4.3 CONC LUO TONS : 

/n online control system has been designed and 
tested experimentally. The main objective of improving 
dimensional stability by compensating the toolwear has been 
fulfilled. The error in the radius has been restricted to 
0.042 mm in the worst case and 0.034 mm in the best. The 
performance of the control system was tested for a range of 
cutting conditions and the system was found to work effectively 
However, with increase in the curveture the system becomes 
less effective because of the abovementioned reason. 

The following objectives have been fulfilled. 

i) Design and fabrication of a sensing device to sense 
toolwear during machining . 

ii) Selection of an actuator to position the toolpost 
according to the tool wear. 

iii) Design and fabrication of a feedback control system 
components that connect the sensing and compensating 
components . 

iv) Assembly an^ testing of the system designed and 


fabricated 
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4.4 UCOPE FOR FUTURE WORK : 


The present work can be extended further. The 
system sensitivity can be improved by using smaller orifice 
and nozzle, by using a pilot -controlled direction control 
valve having smaller operating pressure range the sensitivity 
can be improved. 


Apart from this hydraulic power can be used for 
tool actuation to give faster response. The performance of 
the system can be greatly improved if the compensation is 
carried out in steps rather than in a single stroke. For 
this pneumatic signal available from the sensor should be 
converted in the electric pulses and pulses should be given 
to the electro -hydraulic stepper motor which would act as an 
actuator. This system is likely to give the accuracy of the 
order of 0.001 mm. 



REFERENCES 


M. E. Merchant, H. Ernst and E.J. Krabacher, "'Radioactive 
cutting tools for rapid tool-life Testing ", -Trans . A3ME, 
May 1953. 

N. H.Cook, K. Subramaniam and Merchant "'Micro -Isotope 
toolwear sensor"’ , Annals of the CIRP, Vol . 27, 1978. 

Slavko M. Arsovski, "’Wear sensors in the adaptive 
control systems of machine tools "hint. Jour, of 
Production Research, vol. 21, No. 3, 1983. 

A.J. Wilkinson, Constriction resistance concept 
applied to wear measurement of metal cutting tools"’, 
Proceedings of IEE 1971, vol. 118, No. 2. 

S. Jetly, "'Measuring toolwear on-line : Some practical 
considerations"/Manuf acturing Engineering, July 1984. 

E.J. Weller, H.M. Schrier and B. Weichbrodt, "-What sound 
can be expected from a worn tool ? "’, Jour, of Engineering 
for Industry, Trans. ASME, August 1969. 

E. Emel and E. Kannatey, ’"Tool failure monitoring in 
turning by pattern recognition analysis of AE signals" , 
Jour, of Engineering for Industry. Trans. ASME May 1988, 
vol . 110. 

L.V. Colwell, "’Tracking tool deterioration by computer"’, 
Annals of CIRP, 1974, vol. 23/1. 



53 


9. K. Uehara, "'Automatic toolwear monitoring in NC 
turning’" / Annals of CIRP, 1979, vol. 28/1. 

10. H. Suzuki and K.J. Weinmann, An online toolwear sensor fo 
straight turning operations" /Jour, of Engineering for 
Industry, Trans. ASME, November 1985, vol. 107. 

11. J.I. Ei Gomayel and K.D. Bregger, ‘"Online toolwear 
sensing for turning operations Jour . of Engineering 
for Industry, Trans. ASME, February 1986, vol. 108. 

12. Y. Maeda, H. Uchida and A Yamamoto , '"Estimation of 
wear land width of cutting tool flank with the aid of 
digital image processing technique Bull. Japan 
Society of precesion Engineering September 1987, vol. 21 . 

13. M. Shiraishi and K. Uehara, '"In-process control of 
workpiece dimension in turning"’, Annals of CIRP, 1979, 
vol. 28/1 . 

14. C .¥ . Park, K.F. Eman and S.M. Wu , "‘An in-process 
flatness error measurement and compensatory control 
system"', Jour, of Engineering for Industry, Trans. 

ASME, August 1988, vol. 110. 

15. R.K. Jain 
Engineering Metrology . 



54 


APPEN DIX -1 


CUTTI NG TOOL GEO METRY 


Back rake angle 
Bide rake angle 
End cutting edge angle 
Bide cutting edge angle 
End relief angle 
Side relief angle 
Nose radius 
Tool size 


12 ° 

S° 

5 ° 

8 ° 

8 ° 


0.0 


1 / 2 ” 
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APPENDIX -2 

THE K4CHINET00L 
Type : HMT LB17 Centrelathe 


Centre height 

: 170 mm. 

Centre distance 

: 1000 mm. 

Swing over bed 

: 350 mm . 

Swing over cross 

: 170 mm . 

slide 


Motor 

: 10 HP/3000 rpm 

Spindle speed 

: 18, 45 to 2000 



